Introduction {#s1}
============

Lung cancer is the leading cause of cancer-related mortality, which accounts for one-quarter of all cancer deaths, and the 5-year survival rate of all stages combined is only 18% \[[@r8]\]. Traditional risk factors of lung cancer are tobacco use, genetics, occupational exposure or environmental pollution \[[@r2]\]. Recent evidence indicates that inflammatory microenvironment has been highlighted as an enhanced factor in lung tumorigenesis \[[@r7]\]. Epidemiological studies have provided convincing evidence showing that pulmonary inflammatory diseases, including pneumococcal pneumonia and chronic obstructive pulmonary disease, increased the risk of lung cancer \[[@r1], [@r5]\]. Thus, an inflammation-related animal model is required to explore the molecular events involved in inflammation-related lung tumorigenesis.

In recent years, there have been reports about mouse models of inflammation-related lung tumorigenesis \[[@r6], [@r9]\]. For instance, T. Melkamu *et al.* developed a mouse model for inflammation-related lung cancer through chronic exposure of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and lipopolysaccharide (LPS) in A/J mice \[[@r6]\]. Despite the advances made with mouse models of inflammation-related lung tumorigenesis, these mouse models have a common limitation about mouse strain, which only provide methods on A/J mice. To our knowledge, A/J mice strain is sensitive to lung cancer induction by carcinogen and is widely used to model cancer. C57BL/6J mice strain, a common inbred strain of laboratory mouse, is commonly used as a background strain of gene-editing mice. Additionally, there is no related reported yet about the mouse model of inflammation-related lung tumorigenesis on C57BL/6J mice strain. Therefore, it is very necessary to establish a mouse model of inflammation-related lung tumorigenesis on C57BL/6J mice, although which are not susceptible to tumors.

In this study, C57BL/6J mice were instilled with benzo(a)pyrene \[B(a)p\] plus LPS with two different treatments, two models were compared and a better one was chosen to set up a stable mouse model of inflammation-related lung cancer, which will provide a good platform and contribute to explore the molecular events involved in inflammation-related lung tumorigenesis better.

Materials and Methods {#s2}
=====================

Animals
-------

The heterozygous littermates of *NLRP3^+/−^* mice were obtained as gift generously from Professor Aihua Zhang in Nanjing Children's Hospital and then housed in the SPF grade animal room in the College of Public Health of Zhengzhou University, Henan, China. The heterozygous littermates were bred to generate homozygous *NLRP3^−/−^* mice which were used in another study and littermate pure C57BL/6J mice. All C57BL/6J mice used in this study were genotyped. Mice were raised in stainless steel cages under standard conditions and allowed food and water *ad libitum*. The temperature was maintained at 22°C, and the lights began from 08:00 to 20:00. All experimental procedures were approved by the Life Science Institutional Review Board of Zhengzhou University and performed strictly in accordance with the Guideline of Zhengzhou University for Animal Experiments.

Inflammation-related lung tumorigenesis mouse models
----------------------------------------------------

The models for inflammation-related lung cancer in the mouse were induced by instilled intratracheally with B(a)p and LPS. Seventy C57BL/6J mice were randomly divided into two treatment groups (n=35 for each group) and treated as shown in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Experimental design of the study. Seventy C57BL/6J mice were randomly divided into two treatment groups (n=35 for each group). (A) Group I: mice were instilled intratracheally with B(a)p (1 mg/mouse) and lipopolysaccharide (LPS) (5 *µ*g/mouse), once a week for 4 times, on Tuesday and Friday, respectively. At Week 4, mice continued to be treated with LPS, once every four weeks for 5 times. (B) Group II: mice were exposed to B(a)p (1 mg/mouse, once a week for 4 times) and 3 weeks later instilled intratracheally with LPS (2.5 *µ*g/mouse) once every three weeks for 5 times. Thirty weeks after the week of the last dose of B(a)p, mice were anaesthesia by pentobarbital sodium.. In detail, mice in group I were instilled intratracheally with B(a)p (Sigma St. Louis, MO, USA) (1 mg/mouse, dissolved in 50 *µ*l tricaprylin solvent) and LPS (Sigma) (5 *µ*g/mouse, dissolved in 50 *µ*l saline), once a week for 4 times, on Tuesday and Friday, respectively. At Week 4 \[the week of the last time of B(a)p treatment named Week 0\], mice continued to be treated with LPS, once every four weeks for 5 times. Each of mice in group II was exposed to B(a)p (1mg/mouse, once a week for 4 times) and 3 weeks later instilled intratracheally with LPS (2.5 *µ*g/mouse) once every three weeks for 5 times. All instillations were performed under anesthesia with isoflurane (Sigma). The mice were anaesthesia by pentobarbital sodium (100 mg/kg) at Week 30. The lungs were harvested, and visible tumors on the surface of the lung were counted and the size of lung tumors was accessed using a straightedge. The left lobes of the lungs were fixed in 4% paraformaldehyde for histopathological studies and the right lobes were stored at −80°C for subsequent assays.

Histopathological analysis of lung tissues
------------------------------------------

The fixed lung tissues were embedded in paraffin. After embedded, the lung sections of 5 *µ*m in thickness were stained with hematoxylin and eosin (HE). The types of lung cancer were accessed and tumor grading was evaluated based on predetermined criteria from *Cancer Research UK (https://www.cancerresearchuk.org/about-cancer/lung-cancer/stages-types-grades/stages-grades).* In detail, each tumor was given a score of 1 to 4. Grade 1: The cells look very like normal cells. They tend to be slow growing and are less likely to spread than higher grade cancer cells. They are called low grade. Grade 2: The cells look more abnormal and are more likely to spread. This grade is also called moderately well differentiated or moderate grade. Grades 3 and 4: The cells look very abnormal and not like normal cells. They tend to grow quickly and are more likely to spread. They are called poorly differentiated or high grade.

Statistical analysis
--------------------

Data were expressed as mean ± SD. Wilcoxon rank sum test was used for the comparison of tumor incidence. Since the number of tumors, pathological tumor nests and tumor grade were normal distribution, two-tailed Student's *t*-test was carried out for the comparisons using SPSS21.0 (IBM, NC). A two-tailed *P* value \<0.05 was considered statistically significant.

Results {#s3}
=======

Effects of LPS on B(a)p-induced lung tumorigenesis
--------------------------------------------------

To establish a stable mouse model of inflammation-related lung cancer, we compared the mortality of mice, tumor incidence, multiplicity and size in two different treatment with B(a)p plus LPS tumor bioassays. As shown in [Table 1](#tbl_001){ref-type="table"}Table 1.B(a)p plus lipopolysaccharide (LPS) induced lung tumorigenesis in C57BL/6J miceGroupNo. of miceLung tumorTotalDeathsMortalityTumor incidenceTumor/mouse (Mean ± SD)Tumor size≤1 mm\>1 mmIMale17318%64%4.8 ± 5.03.2 ± 2.51.0 ± 1.7Female18633%75%5.2 ± 5.83.3 ± 2.12.7 ± 3.8Total35926%69%4.9 ± 5.13.3 ± 2.21.6 ± 2.6IIMale1700100%13.0 ± 9.59.2 ± 8.13.1 ± 3.4Female180094%13.0 ± 15.18.8 ± 12.63.4 ± 4.0Total350097%\*13.0 ± 12.4\*9.0 ± 10.8\*3.3 ± 3.7\**P*\<0.05, vs. Group I., deaths of mice were found in Group I and the mortality was 25.71%, but there was no death in Group II. In addition, the mice in Group II significantly increased tumor incidence (96.97%) compared with Group I (69.23%) (*P*\<0.05). Similarly, the mice in Group I induced 4.9 ± 5.1 tumors/mice, whereas the mice in Group II significantly increased the lung tumor multiplicity to 13.0 ± 12.4 tumors/mice (*P*\<0.05). The various size classes of lung tumors were also shown in [Table 1](#tbl_001){ref-type="table"}. Smaller tumors (≤1 mm) were more abundant in Group II than Group I (*P*\<0.05), but there were no different significantly difference in larger tumors (\>1 mm) between Group I and Group II (*P*\>0.05). Taken together, the results indicate that the mice in the model of Group II could better induce lung tumorigenesis compared with Group I.

Pathological alterations in the lungs of mice exposed to B(a)p plus LPS
-----------------------------------------------------------------------

The histology of lung tissues of mice exposure to B(a)p plus LPS was assessed by HE staining ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Pathological alterations in the left lobes of lungs of C57BL/6J mice exposed to B(a)p plus lipopolysaccharide (LPS). (A and B): The pulmonary morphological alterations in the cross-section of the left lobes of lungs of C57BL/6J mice exposed to B(a)p plus LPS with different treatment were evaluated by HE staining; (C and D): Pathological tumor nests in cross-section of the left lobes of lungs in the two groups with amplification (200×); (E): The number of pathological tumor nests in cross-section of the left lobes of lungs in two groups; (F): Tumor grades in B(a)p plus LPS exposure mice. Data were expressed as mean±SD. \**P*\<0.05, vs. Group I.). As depicted in [Fig. 2A and 2B](#fig_002){ref-type="fig"}, the number and size of pathological tumor nests were lower in mice of Group I compared with those in Group II. In addition, a similar trend was observed on the average number of pathological tumor nests between Group I and Group II, but the reduction was not significant (*P*\>0.05) ([Fig. 2E](#fig_002){ref-type="fig"}).

To evaluate the stage of every tumor in each mouse, tumors were graded in a blinded manner on a scale of 1 to 4, and grade 4 indicated the most advanced tumor phenotype. The non-small cell lung cancer was induced by B(a) p plus LPS exposure and tumor grading was shown in [Fig. 2F](#fig_002){ref-type="fig"}. The grade of lung tumors in Group II were significantly higher than that in Group I (*P*\<0.05), suggesting the tumors induced by B(a)p plus LPS of mice in Group II were more advanced tumor.

Discussion {#s4}
==========

In this study, we found C57BL/6J mice exposed to two different treatments with B(a)p plus LPS could induce lung tumorigenesis, but there were significant differences on tumor incidence, mean tumor count and tumor size of visible tumors in mice between these two groups. We used 1mg/mouse B(a)p, once a week for 4 times, for animals experiments, which was based on the previous reported study \[[@r3]\]. Moreover, two different exposure methods with B(a)p plus LPS mainly were the different LPS treatment. It has been reported that A/J mice were administered weekly intranasal instillation of LPS at a dose of 5 *µ*g/mouse after the last dose of NNK for a total of 22 weeks, which enhanced NNK-induced lung tumorigenesis \[[@r6]\]. In another study about inflammation-related lung squamous cell carcinoma, A/J mice were instilled intranasally with LPS at a dose of 4 *µ*g/mouse weekly and N-nitroso-trischloroethylurea (NTCU) on Mondays and Wednesdays, respectively, throughout the study \[[@r9]\]. To set up the model of inflammation-related lung tumorigenesis on C57BL/6J mice, mice were instilled intratracheally with B(a)p and LPS at a dose of 5 *µ*g/mouse, once a week for 4 times, on Tuesday and Friday, respectively. However, mice died during the period of treatment and pulmonary abscess was observed in nine mice. It is inconsistent with earlier reported \[[@r6], [@r9]\], different tolerance to LPS in the different mice strains or the synergistic effect of B(a)p and LPS may be the reasons. Therefore, we adjusted the way of LPS exposure from once a week to once every four weeks for 5 times after the last dose of B(a)p. In addition, the dose of LPS was adjusted to 2.5 *µ*g/mouse at the same time, and B(a)p pretreated-mice were then exposed to LPS once every three weeks for 5 times after the last dose of B(a)p. There was no mice death after adjusting the LPS treatment both Group I and Group II. Interesting, the lung tumor incidence, multiplicity and size of the mice in Group I were decreased compared with those in Group II, which may be attributed to pulmonary burden induced by the synergistic effect of B(a)p and LPS. The lung injury may be induced during the early period of treatment in Group I, which is unfavorable to lung tumorigenesis. The exact mechanism involved in the difference between these models of lung cancer induced by B(a)p plus LPS, however, is unclear and will be investigated further.

C57BL/6J mice strain is characterized by well breeding, long-lived and low susceptibility to tumors. On the other hand, C57BL/6J mice strain not only is the most widely used mouse strain for use as models of human disease, but also is commonly used as a background strain for gene-editing mice. A number of studies have used knockout mice on a C57BL/6J background to demonstrate underlying molecular mechanisms involved in related disease. For example, NLRP3 inflammasome-deficient mice on a C57BL/6J genetic background, including *NLRP3^−/−^*, *ASC^−/−^* and *Casp1^−/−^* mice, were used to illuminate the critical role of NLRP3 inflammasome in colitis-associated colorectal tumor \[[@r10]\]. In another study, it was shown that nuclear factor 2 erythroid related factor 2 (*Nrf2*) deletion did not enhance the effects of B(a)p on ovarian follicle in mice on a C57BL/6J genetic background \[[@r4]\]. In our study, we successfully set up a mouse model of inflammation-related lung tumorigenesis induced by B(a)p plus LPS in C57BL/6J mice, which will conducive to provide a better study strategy to demonstrate the critical role of pulmonary inflammation in lung tumorigenesis through developing a knockout mouse model on a C57BL/6J genetic background.

In conclusion, our study set up a stable mouse model of inflammation-related lung tumorigenesis induced by B(a)p plus LPS in C57BL/6J mice, which will contribute to explore the related molecular mechanisms involved in inflammation-related lung tumorigenesis better.
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